Background: Although increasing frailty is predictive of increased mortality and length of stay for hospitalized older adults, this approach ignores health assets that individuals can utilize to recover following hospital admission. Aim: To examine whether health assets mitigate the effect of frailty on outcomes for older adults admitted to hospital. Design: Patients of 1418 aged ! 70 years admitted to 11 hospitals in Australia were evaluated at admission using the interRAI assessment system for Acute Care, which surveys a large number of domains, including cognition, communication, mood and behaviour, activities of daily living, continence, nutrition, skin condition, falls and medical diagnosis. Methods: The data set was interrogated for potential health assets and a multiple logistic regression adjusted for frailty index, age and gender as covariates was performed for the outcomes mortality, length of stay, re-admission and new need for residential care. Results: Inpatient mortality was 3% and 4.5% of patients died within 28 days of discharge. Median length of stay was 7 days (IQR 4-11). In multivariate analysis that includes frailty, being able to walk further [OR 0.08 (0.01-0.63)], ability to leave the house ] and living alone were protective against mortality. The presence of a support person was associated with a decreased length of stay [OR 0.14 (0.08-0.25)]. Conclusion: The inclusion of health assets in predictive models can improve prognostication and highlights potential interventions to improve outcomes for hospitalized older adults.
Introduction
Admission to hospital can be a life-changing event for older adults. Many will not return to the same level of health and function once discharged from hospital.
1,2 An individual's ability to recover from a physical insult will depend on their health status, which is the result of a complex interplay of medical, cognitive, nutritional, social and lifestyle factors.
Measurement of frailty at admission to hospital can be used to identify older adults at increased risk of mortality and long length of stay. For every increase in frailty by an increment of 0.1 on the frailty index, there is an increased risk of mortality with an OR of 1.05-2.01. [3] [4] [5] However, inclusion of only risk factors to assess prognosis does not explain why some frail older adults have better physical and functional recovery following hospitalization than others. In contrast to the 'health deficits' approach, salutogenesis theory focuses on individual and community capacity to improve health. 6 Identification of health assets, which are resources that individuals or communities have at their disposal to protect against negative health outcomes and promote wellbeing, 7 allows practical application of this theory.
The concept of health assets has primarily been developed in the community. Health assets have been identified across multiple domains including biological (e.g. low cholesterol), functional (e.g. ability to undertake community activities) and subjective (e.g. a sense of wellbeing). 8 In the community, health assets individually and cumulatively are associated with longer survival and improved health status in models that include frailty. 9 There is increasing interest in identifying, early in the hospital stay, those patients who are likely to have adverse outcomes at discharge and therefore in need of specialized discharge planning. Timely identification of patients in need of resource intensive discharge planning has the potential to contain healthcare costs and to increase individual patient satisfaction. 10, 11 This study aimed to determine whether health assets could be identified in hospitalized patients that would mitigate the effect of frailty on adverse outcomes.
Materials and methods

Study design, setting and participants
This was a secondary analysis of a prospective cohort of 1418 adults aged 70 and older from 11 acute care hospitals in Queensland and Victoria, Australia. Patients admitted to general medical, surgical and orthopaedic wards were included if they had an expected length of stay of at least 48 h. Study recruitment has been previously described. 4 
Measures
The interRAI assessment system for Acute Care (AC), specifically developed for use in the acute setting, was used for comprehensive geriatric assessment (CGA). 12 The interRAI AC-CGA instrument, previously known as the interRAI AC, surveys a large number of domains, including cognition, communication, mood and behaviour, activities of daily living, continence, nutrition, skin condition, falls and medical diagnosis. Trained nurse assessors completed the assessment using multiple sources of information, including patients, carers, medical and nursing staff and clinical records. This was collected at the time of admission and discharge. Patients were followed up by telephone and/or medical record review at 28 days post discharge from acute care to determine outcomes. Health status: As a summative measure of health status, a Frailty Index (FI) (Supplementary Material S1) was calculated for each patient using candidate variables derived from the interRAI AC and coded as deficits using a well defined methodology. 4 Health assets: The InterRAI data set was screened for potential health assets, which were chosen based on a systematic review 13 and face validity. Variables were excluded if they were present in >99% of the patients or if they were used to construct the frailty index. The potential health assets included sociodemographics (English as primary language, being married, living with others, 14 and having a support person positive towards discharge). In addition, premorbid activity (going out of the house and furthest distance walked at any one time) were also recorded for the 3 days prior to admission. Outcomes: Inpatient mortality, mortality within 28 days post discharge from acute care, length of stay, new discharge to residential care and re-admission within 28 days of discharge.
Analysis
Data was analysed using STATA version 14.1. Frequency distributions were used to describe population characteristics, reported as proportion of available data. Continuous variables were reported as means with standard deviation (SD) or medians with interquartile range (IQR), depending on distribution of the data. Univariate analysis was performed for each of the health assets against the outcomes of interest. A negative binomial regression was used for length of stay to account for right skew of the data. Health assets with a P values of <0.20 for association in the univariate analysis were included in logistic regression multivariate models for each adverse outcome. The level of statistical significance was set at <0.05 for the multivariate analysis. The FI (categorized at 0.1 increments), age and gender were included as covariates in multivariate models. The results for length of stay are reported as Incidence Rate Ratio (IRR). The results for all other outcomes are reported as Odds Ratios (OR) with 95% Confidence Interval (CI).
Ethics
Personal or proxy consent was obtained in writing by each participant prior to commencement of the studies. Ethical approval was granted from the human research and ethics committee of each participating hospital and University of Queensland medical research ethics committee.
Results
The study included 1418 patients with mean (SD) age of 81 7 years, 55% of whom were female. The average length of stay was 9.6 days (SD10.3), with a median of 7 and IQR of 4-11 days; the 90th percentile was 21 days. Mean (SD) frailty index for the sample was 0.32 (0.14). Adverse outcomes at discharge included inpatient mortality (n ¼ 57, 4.0%); 132 (9.3%) had a prolonged length of stay (>21 days) in acute care. Of those discharged, 47 (3.5%) died within 28 days post discharge from acute care and 270 (20.8%) of patients were readmitted within 28 days. Table 1 shows the characteristics of the study population. There was <1% data missing on any of the selected health assets.
Supplementary Tables S2 and S3 show the association of health assets with adverse outcomes in univariate analysis. Factors significantly associated with increased mortality as an inpatient and within 28 days of discharge from acute care included living arrangements (living with others/or in institutional care vs. living alone), while being widowed/divorced/separated vs. being currently married/with partner and having greater level of premorbid activity (going out of the house and distance walked) significantly reduced risk of mortality. Living in institutional care vs. living alone reduced the risk of readmission. Health assets significantly associated with increased length of stay included being never married vs. being married/ with partner, and not having a person supportive of discharge, factors which also increased the risk of being newly discharged to residential aged care. Living with others vs. living alone, and having a greater level of premorbid activity (going out of the house and distance walked) were associated with reduced length of stay and risk of being newly discharged to residential aged care. Table 2 shows the multivariate analysis for health assets and adverse outcomes, including the Frailty Index as a covariate and adjusting the model for age and gender. In multivariate analysis for inpatient mortality, patients who lived alone (compared to living with others) were less likely to die (OR 0.24 95%CI 0.08, 0.67). Compared to patients who walked < 5 metres in the 3 days prior to admission, those who walked over 50 m had improved survival. For mortality within 28 days of discharge, living alone and increasing distances walked premobidly were similarly protective. In addition, going out of the house in the 3 day premorbid period reduced the risk of mortality post discharge (OR: Adding Frailty Index to the multivariate models, indicated that, for the adverse outcomes of inpatient mortality, new discharge to residential aged care and longer length of stay, the addition of health assets to the models attenuated the effects of frailty, although higher levels of frailty remained an independent predictor for these outcomes.
Discussion
This study demonstrates that poor health status can be offset by health assets. Previous studies have shown that frailty predicts mortality and increased length of stay, 3, 15 but examining frailty alone does not adequately explain why some frail older adults still recover well when admitted to hospital. These findings demonstrate that it is not possible to get a full understanding of health status without considering positive attributes in conjunction with deficits. Inclusion of protective factors may help develop a predictive model for the hospital-associated mortality of frail older adults. Increased levels of social resources are associated with lower mortality in the community setting. 8 Although this could not be directly measured in this study, it is clinically sensible that those who were able to walk longer distances and leave the house would have improved access to community and decreased social vulnerability. The linear relationship between distance walked and mortality has significant practical implications as it provides older adults with a goal, which may be achievable and realistic. Even when health assets were included in the predictive models, increasing frailty was still predictive of inpatient mortality, increased length of stay and a new need for residential care. The power of frailty as a predictor is as a multidimensional measure of health, covering medical, cognitive, functional and nutritional domains. Routine measurement of frailty at the time of admission to hospital provides a valid way to improve prognostication. Prognostication may then be further improved by considering the positive impact of health assets.
Some health assets have a more obvious mechanism of action than others. It is easily apparent that having a person supportive of discharge would be protective against a new need for institutional care. Other associations, like the ability to access the community and decreased 28 day mortality may be mediated by increased positive emotion due to decreased social isolation. Previous studies have identified that emotional support and subjective wellbeing are protective against mortality following hospital admission. 16, 17 A possible biological mechanism for this is an association with positive emotions and decreased inflammation. 18 This study highlights a difficulty in how we define health assets. The definition of health assets is that they are desirable in their own right and associated with positive health outcomes. Living alone highlights this challenge, as it may be an active choice, or it may have resulted through an adverse life event, like the death of a spouse. The effect of living alone on mortality is inconsistent in the literature with some community studies identifying an increased risk of mortality 14 and others, particularly in older adults, a protective association. 19 Other studies have also demonstrated that frail older adults who live alone have decreased inpatient mortality. 20 Living alone is linked with better functional status, which is protective against mortality, 21 which may also explain why living alone was not associated with a new need for residential care. Although living alone can be a risk factor for loneliness, particularly for men, 22 for others it may be a marker of re-silience.
Using the outcome of interest to define whether a variable is a health asset also creates a difficulty as certain variables had differing effects on different outcomes. Living alone was associated with decreased mortality, but it was associated with an increased length of stay. The only variable that was protective for both length of stay and mortality was whether the patient had left the house prior to admission. This likely reflects that length of stay is not solely a product of the antecedent illness and frailty. Low socioeconomic status measured by income, low education, inadequate housing and social isolation also contribute. 23, 24 Social isolation has also been linked with increased mortality. It is likely that the ability to leave the house and access the community is a surrogate marker for social engagement.
The results of this study must be interpreted with caution. The data was collected in Australia, and although a range of hospitals were included across multiple states, factors specific to an individual country's health system may limit generalizability. As this was a secondary analysis, we were limited to available data, so some health assets identified on systematic review such as subjective wellbeing and higher levels of education could not be examined. 24 Although many of the factors are likely to be associated with each other, raising concerns regarding confounding, like people who are able to walk farther being more likely to leave the house, these factors maintained individual predictive significance in a multivariate model.
As this study was a secondary analysis, we were limited in our outcomes to those that were available. Functional decline at discharge from hospital from premorbid is highly prevalent and may negatively impact quality of life. This is an important area for further research.
This study has certain strengths. The study population is a large cohort of patients recruited from secondary and tertiary hospitals. Data collection was comprehensive, with only 2% missing in the final analysis.
15 Importantly, our model also included gender to account for the male-female health-survival paradox. 25 This study raises further questions regarding how to best define health assets. Health assets are associated with positive health, but should also be desirable in their own right 7 so to consider health assets in a truly person-centered way, further qualitative research is needed to assess desirability of health assets to older adults themselves. Prospective studies should allow examination of a wider range of health assets, including social and economic measures. This would enable determination of whether health assets have a cumulative effect, as seen in the community setting. OR, odds ratio; IRR, incident rate ratio; CI, confidence interval; RACF, residential aged care facility.
Conclusions
Although this study further highlights that increasing frailty is a risk factor for inpatient mortality, this also demonstrates that health outcomes are a complex interplay between positive and negative factors. The inclusion of health assets in a model of health and illness augments our understanding of factors that lead to recovery. The ability to engage with the community and the maintenance of mobility enhance survival for a hospitalized individual. Older adults have often developed great resilience over their life course. Encouraging people to identify and utilize their own resources is a more empowering approach to illness recovery. This approach highlights that older adults are not simply a sum of their losses, but individuals with a balance of risk factors and protective factors. As well as improving prognostication, identification of health assets could highlight new paths for interventions to help older adults survive and thrive following admission to hospital.
